local disease or pass on again by way of the lymphatics to the subelavian vein and so round again.
If this is so, it seems difficult to believe that the bovine bacillus plays little part in the process, for surely bovine bacilli must be more easily swallowed than human bacilli. It is known that bovine bacilli can pass through the apparently healthy intestinal wall and produce disease beyond it, without any intestinal ulceration. Again Krause has shown that wherever the portal of entry of the bacillus the tracheo-bronchial glands may be infected.
There is reason to believe that states of active tuberculosis are a re-activation of an old focus, this focus being at least sometimes in the tracheo-bronchial glands, whence it may spread by rupture into a blood-vessel, into a bronchus or possibly by lymphatic spread, either centrifugally into the lung or else, as I have already said, by lymphatics into the thoracic duct, subelavian vein and right heart and so round again to the pulmonary capillaries.
Nevertheless, I believe that air-borne infection is probably the most common and Cobbett's pyocyaneus experiments show the easy possibility of this. The carbon pigment of the town dweller tells the same tale. It is incredibly easy for foreign particles to find their way into the recesses of the lung, in spite of mucous membrane, ciliary action and cough. Recent work with lipiodol has shown this.
This raises another interesting aspect of the case, which Dr. Cobbett recently suggested to me, namely, that once a human being is afflicted with a bovine pulnionary tuberculosis, air-borne infection to others becomes a possibility. [June 11, 1929.] The Etiological Relationship of Achylia Gastrica to Pernicious Anemia.
IT is with great l)leasure that I bring forward in London the results of work carried out in the Thorndike Memorial Laboratory of the Boston City Hospital, for it was in London that the description of this disease originated, and here many of its features were first described. It was also after the papers of Hurst and other British physicians had been published, that experiments on the subject were begun in BostQn. Dr. Hurst's papers very clearly state the main points on which the belief that achlorhydria has a relation to Addison's anamia is founded. It is known that achlorhydria is almost invariably present in pernicious anemia, also that achlorhydria precedes the development of the disease by a very considerable interval, even a number of years, and that in the families of those individuals who develop pernicious aneemia there is a greater incidence of achlorhydria than in the comraunity as a whole. It is interesting that other conditions which may lead to achlorhydria have also been followed by the development of pernicious anaemia. Cases are sometimes seen in the clinic in which there is extensive cancer of the stomach, and achlorhydria and pernicious anamia have developed coincidently or subsequently. It is true that this is not always the case, but I am convinced that in one of these cancer cases I have seen the true bloodpicture and the reaction of the patient to liver extract. Certain cases of chronic alcoholism, in which a gastritis has appeared and achlorhydria has subsequently developed, appear to have led in the same way to the development of pernicious anaemia. The fact that these cases can be shown to react to liver extract adds conviction to the belief that these individuals are suffering from pernicious anaemia. It is true, almilost without exception, that pernicious anamia will react to liver extract, almost to the exclusion of other anwmias. There are on record about ten cases of complete removal of the stomach-with, presumably, the production of a complete achlorhydria-surviving the operation for a period of at least a year. Three of these developed what was considered to be pernicious anaemia. One such case was reported by Moynihan in England, another from the Mayo Clinic by Hartmann, and the third by Dennig from Heidelberg. In these three cases there was no evidence of metastasis, or any other cause, such as bleeding, to explain the anwmia.
In the last case, indeed, there was a satisfactory response to liver feeding. In Dr. Dubois' clinic in New York a very interesting case occurred. A blood-picture, consistent with pernicious anaemia had developed in a child aged 13. At such an age the spontaneous appearance of the disease is very rare. The child, who had an achlorhydria, was given liver extract, and the blood findings showed a characteristic response. The patient, however, continued to suffer from a great deal of vomiting, and, upon an X-ray picture being taken, an obstruction at the pylorus was noted. At operation it was found that at the pylorus there were matted together a number of tuberculous lymph-glands, almost occluding the pylorus itself. Here, therefore, was a case of achlorhydria, probably produced by obstruction at the pylorus, and possibly, therefore, producing in some way the picture of pernicious aneemia in an individual at an age when it is uncommon for the disease to develop. Of course there are many individuals with apparent achlorhydria who are not suffering from pernicious anemia. Many, however, who in the past have been regarded as having achlorhydria may, with more modern tests of the ability of the stomach to secrete hydrochloric acid, be found not to have it, or not to have it to such a complete degree as hitherto supposed, and Addisonian pernicious anaemia does not ordinarily develop except in the presence of very complete achlorhydria.
The discovery by Minot and Murphy and their associates of the use of liver or liver extracts, has thrown great light on this subject. When liver or liver extract is given to a patient with pernicious anaimia he proceeds to develop a normal bloodpicture, and in every way becomes better, with the possible exception of some residual nervous disturbance, but apparently there is no amelioration of the achlorhydria or achylia which he has previously shown. The condition of the stomach in pernicious anaemia involves, moreover, not only achlorhydria but also a lack of ferments. In most instances, however, no account has been taken of the condition of the stomach except in respect to hydrochloric acid. The characteristic response to liver suggests the possibility of pernicious anaimia being a deficiency disease, though this makes it hard to understand why persons who never eat liver do not develop pernicious anaemia at once. It is true, on the other hand, that once having developed the disease, most patients have to continue taking liver or liver extract in order to remain well. But it is not very difficult to think of a hypothesis which will connect the achylia gastrica with the disease as a deficiency disease. Since liver is largely a protein substance, and the function of the normal stomach is seemingly designed for the peptic digestion of protein, it was originally thought that it would be worth while to consider as a working hypothesis that pernicious anumia develops because these l)atients, having an achylia, cannot develop from the protein of the food a necessary principle-in other words, that the normal person can make what the patient with pernicious anaemia cannot and must necessarily derive from the liver that he eats. It is well known from the work of Minot and Mlurphy and their collaborators that within a few days after the patient with pernicious anaimia has been taking liver, there appears in the circulating blood a number of immature cells so recognized by the fact that they possess a blue staining network known as reticulum; here, therefore, is a quantitative phenomenon which can be used to test the effectiveness of whatever experimental measures are employed. For patients with less than 3,000,000 red blood-cells per c.mm. it may be expected that with a maximum dose of liver or liver extract there will be an inverse relationship between the percentage of reticulocytes developed at the maximum point of the reaction and the red blood-cell count.
In order to test the hypothesis formulated above, experiments were made in 1927, to substitute an adequate gastric digestion for the presumably defective digestion of the patient with pernicious anawmia. A source of protein was taken in the form of ordinary beef muscle and digested in the normal human stomach; 300 grams of this finely divided muscle were taken and allowed to remain in the normal stomach for 45 minutes. Then, by stimulating the pharynx, the material was recovered, incubated, and administered through a nasal tube to pernicious anaemia patients. A complete duplication qualitatively was found of the phenomena anticipated with liver or liver extract. In all but two out of the ten cases in the experiment a response of reticulocytes appeared, quite similar to the response to liver. The meat itself, as was initially shown in three of these cases, certainly did not contain anything which was capable of giving a response comparable with that subsequently obtained in these cases. It was, however, thought possible that the normal gastric mucosa might supply the effective principle. The working hypothesis, on the contrary, is that the gastric juice of the normal individual operates externa]lv, or within the lumen of the stomach, upon the protein. Was the gastric juice itself causing the effect ? It seemed essential to this hypothesis to demonstrate that the stomach could produce from an external source the effective material. [Dr. Castle here showed a series of tables from which he demonstrated by in vitro reaqtuonsI betweni-gastric juice and beef muscle that the response must be in the nature of an, interaction between the normal human gastric juice and the beef muscle.] These experiments, conducted with the collaboration of Dr. Wilmot C. Townsend, render it possible for us to see how a normal person may be able to prepare in his stomach the substances necessary for preventing the development of pernicious anaemia, and how the person without the ability to secrete gastric juice will be constantly liable to disease, from the fact that he could not produce from his ordinary diet the necessary preventive principle.
It was next desired to go a little further in order to find out, if possible, what is the exact type of reaction that takes place between the gastric juice and the beef muscle. These experiments have not yet been completed. The normal gastric contents include gastric juice secreted by the gastric mucosa, also swallowed saliva, and occasional traces of duodenal contents. It has been possible, by means of other experiments, to exclude swallowed saliva as having anything to do with the action, and the general result of the experiments has been to prove the importance of the interaction between a thermolabile substance (which is destroyed under the conditions which destroy the enzyme activity of gastric pepsin) and proteins which may be obtained from beef muscle. The investigators have failed in an effort to show that this reaction is a general property of enzymes operating in an acid medium. Patients were given beef muscle which had been incubated in vitro with hydrochloricWania-did commercial pepsin, but the results were negative. Incidentally, in this manner the effect of the hydrochloric acid alone in producing the effects seen is excd-The effect of the occasionally present duodenal contents seems improbable, but has not yet been clearly eliminated. Yet it seems appropriate to throw out the suggestion that the achylia of pernicious anemia is an essential factor in the development of the disease through the inability of the patient to prepare from certain proteins, present in beef muscle, a principle which would prevent the condition from occurring. This, of course, involves the assumption that what will cure the disease will prevent its development; but because the disease possesses the features of a deficiency disease in its response to liver, it is believed that this may be a proper assumption to make. The experiments are consistent with the hypothesis that the intimate nature of this reaction is a digestion of the protein made by an enzyme working in an acid medium, and it is possible that only the human pepsin is effective in this respect. If this work can be taken at its face value, an analogy is established to the condition present in diabetes. In diabetes, the pancreas is the organ at fault, and the physiological defect resides in the internal metabolism of carbohydrates. In Addisonian pernicious anaemia the defect lies in the external manipulation of the protein, and the stomach is the organ that is deficient. In both conditions, fortunately enough, a substance is available which enables clinicians satisfactorily to control and improve the condition of the patient.
